A structural disulfide of yeast protein-disulfide isomerase destabilizes the active site disulfide of the N-terminal thioredoxin domain.
Protein-disulfide isomerase (PDI) is an essential catalyst of disulfide formation and isomerization in the eukaryotic endoplasmic reticulum. PDI has two active sites at either end of the molecule, each containing two cysteines that facilitate thiol-disulfide exchange. In addition to its four catalytic cysteines, PDI possesses two non-active site cysteines whose location and separation distance varies by organism. In higher eukaryotes, the non-active site cysteines are located in the C-terminal half of the protein sequence and are separated by 30 amino acids. In contrast, the internal cysteines of PDI from lower eukaryotes are located near the N-terminal active site and are much closer together in sequence. The function of these cysteines and the significance of their unique location in yeast PDI have been unclear. Previous data (Xiao, R., Wilkinson, B., Solovyov, A., Winther, J. R., Holmgren, A., Lundstrom-Ljung, J., and Gilbert, H. F. (2004) J. Biol. Chem. 279, 49780-49786) suggest that the internal cysteines exist as a disulfide in the endoplasmic reticulum of Saccharomyces cerevisiae. By coupling mass spectrometry with a gel-shift technique that allows us to measure the redox potentials of the PDI active sites in the presence and absence of the non-active site cysteines, we find that the non-active site cysteines form a disulfide that is stable even in a very reducing environment and demonstrate that this disulfide exists to destabilize the N-terminal active site disulfide, making it a better oxidant by 18-fold. Consistent with this finding, we show that mutating the non-active site cysteines to alanines disrupts both the oxidase and isomerase activities of PDI in vitro.